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This paper focuses on a PV system linked to the electric grid by power electronic converters, identiﬁcation
of the ﬁve parameters modeling for photovoltaic systems and the assessment of the shading effect. Nor-
mally, the technical information for photovoltaic panels is too restricted to identify the ﬁve parameters.
An undemanding heuristic method is used to ﬁnd the ﬁve parameters for photovoltaic systems, requiring
only the open circuit, maximum power, and short circuit data. The I–V and the P–V curves for a mono-
crystalline, polycrystalline and amorphous photovoltaic systems are computed from the parameters
identiﬁcation and validated by comparison with experimental ones. Also, the I–V and the P–V curves
under the effect of partial shading are obtained from those parameters. The modeling for the converters
emulates the association of a DC–DC boost with a two-level power inverter in order to follow the perfor-
mance of a testing commercial inverter employed on an experimental system.
 2015 Elsevier Ltd. All rights reserved.1. Introduction
The demand for sources of sustainable energy, the shortage of
fossil fuels and the need for carbon footprint reduction have
resulted in a global awareness of the importance of alternative
energy sources and efﬁciency in the use of energy [1]. Renewable
energy sources are likely to have a signiﬁcant role in the world
energy supply in the upcoming future. Among the renewable
energy sources, solar energy has ubiquity and abundance [2,3].
Hence, if technology ﬁnd is way through the development of
cheaper converts of solar into electric energy and with better efﬁ-
ciency, solar energy will eventually be the most important source
of sustainable energy for power supply, delivering energy in the
neighborhood of where it is needed [4,5].
Apart from the solar thermal exploitation, the spreading of PV
systems is being encouraged by delivering energy in the
neighborhood of where it is needed tariffs and by the price drop in
crystalline cells [6]. At present, signiﬁcant photovoltaic (PV)
deployment has occurred, particularly in Germany, Spain and Japan
[7]. PV energy has exceptional conditions in Portugal to beexploited, because this European country has signiﬁcant levels of
solar radiation to go into exploitation. Sunshine hours in the main-
land of Portugal vary between 1800 and 3100 h per year [8]. Hence,
the country has a huge potential for solar energy exploitation, the
biggest PV system is inMoura,with an installed capacity of 46 MWp.
A PV system directly converts solar energy into direct electric
current energy. Solar cells are made of several types of semicon-
ductors using different manufacturing processes [9]. The energy
converted by a solar cell depends on the substrate properties, on
the temperature of the junction and on the incoming solar radia-
tion [10], known as irradiation. The solar radiation is composed
of photons with different levels of energy. But not all photons are
useful in order to originate the photo current, the remainder
energy passes by or is adsorbed as thermal agitation, contributing
to the deﬁnition of the temperature on the solar cell [11].
A PV array may be either a panel or a set of panels connected to
form large PV systems with or without tracking systems. But, even
with tracking systems a correct consideration of the space for the
operational neighborhood have to be assessed to avoid mutual
shading.
Power-electronic converters are usually used to process the
direct electric current coming from PV system, for instance, are
used as inverters to deliver an alternate current and may be used
to: regulate the voltage and current at the load, control the power
